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(HWZE] HM  HFE KL H A (chromogranin, CGA) i A4z £ ik bCAT MK & K 1A 25 it
(caspofungin, CAS) X [ €0 2K I 1 22 SOS A AE D B R L . 38 IR UER R ATCC10231
RWFFERT G RSN ST A ALY, 3 ) ] bCAT [ CAS (bCAT Bk CAS fEH F# M, L RPMI1640 T
TR 28 6 BRZH (control 41) o XTT ki A= P45 BEACIITE PR 09 28 4k, IF TS0 s A E W gk e 509% (1)
MIC (MBICy, ) ,RT-PCR £ il Zfi Fff Pl 7 ALS3 () mRNA 335, DCFH-DA WLE 41 s ) ROS 7 & (1948 1k,
SYTO9/PI Gt AL Mgl BEid i Ve 1) A2 1k, 85 bCAT J¢ CAS HupliAE Wy 1 MBIC,, 4331
3 105,128 pg/mlL, WGl T TS Y MBICs, 437 % 2 776 4 pg/mL, RT-PCR £l 45 2R
71 bCAT+CAS ZH AL PRI S ALS3 Feik (1. 71£0.65) %, 5 control \bCAT (776 wg/mlL) .CAS(4 pg/mL)
HIVIERBF S5 L (P<0.05) ;ROS &£ M (428.96+47. 67) % , 5 control \bCAT(776 pg/mlL) |
CAS(4 pg/mL) 4 HeA 2 5 BA G157 78 L(P<0.05) ;hbCAT+CAS ZH P AT B R34, 16 22 AH EL 1 B
WD, 8518 CGA fifA Z K bCAT ¥4 CAS HA YhIRIHT AR AR T, JLAL I AT 58 5 R AR A B I8+
ALS3 B3R M0 B 22 AT 1 15 m ROS 5 3 A A A (A G
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Effect of polypeptide bCAT combined with caspofungin on hypha and mature

biofilm in Candida albicans
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[ Abstract | Objective To investigate the effect and mechanism of chromogranin ( CGA ) -derived
polypeptide bCAT combined with caspofungin ( CAS) on hypha and mature biofilm in Candida albicans
(C. albicans). Methods Standard strain ATCC 10231 of C. albicans was employed as the study objective.
The changes of biofilm metabolic activity after bCAT and CAS treatment alone or combined together
(RPMI1640 as control group) were detected by XTT assay, and the results were calculated for the minimal
biofilm inhibitory concentration (MBICy,). The expression of agglutinin-like sequence 3 ( ALS3) was detected
by RT-PCR, and the production of reactive oxygen content ( ROS) was observed by DCFH-DA. SYTO9/PI
staining was used to detect the fungal membrane permeability. Results The MBIC,, after bCAT and CAS
treatment was 3 105 and 128 pg/mL, respectively. And the MBICy, of bCAT combined with CAS was
decreased to 776 wg/mL and 4 pwg/mL, respectively. The expression of ALS3 in the bCAT+CAS group was
(1.71£0. 65) %, which had statistical differences from that of the control, bCAT (776 wg/mL) and CAS
(4 pg/mL) groups (P<0.05). The ROS content was (428. 96+47. 67) %, with significant difference
compared with the control, bCAT (776 pwg/mL) and CAS (4 pg/mlL) groups (P<0.05). There were more
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dead C. albicans in mature biofilm in the bCAT + CAS group, and the fungal hypha were decreased

significantly. Conclusion

CGA-derived polypeptide bCAT combined with CAS has the synergistic anti-

mature biofilm effect, and the mechanism may be associated with decreased expression of ALS3 and inhibition

of hypha formation, and oxidative damage caused by increased ROS content.
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Wy, A7 s B B AR AR PR L 55 4 67, R FE 3 Ry 3k 30% ~
40%' "7 AR BIBUR: A QB IEUR SR T — A
B AR ISP IR 3 L AT P 22 B
22 20 I, X TR T 24 W R T 24 M0 2 L SRR AE,
s O R FC R EEAE SRR SR

TR 22 AE 1 5 1 00, 7 B T 3k sl e 32 S0 s
13, Jo OO BR T 1R 28 Sl B o i T B 4 1 7
BEEE R % 3 (agglutinin-like sequence 3, ALS3)
TEW 220 o A G E ] . A WE50K B Bk A
F) ALS3 LA RRR e , w5 T R 0 i 3 200 i 1 2R5 i i
R LI S, A I sz B

RIAZ5 (caspofungin, CAS) J& R F I R 28T 1L
T2, TERSNIAR AT W S P e A
H CAS &7 % A= W43 Y B AR A TR VR JE (minimal in-
hibitory concentration, MIC) 2 p B ek 745 E H 41 i
fry 200 fF LA

i # £ K ( antimicrobial peptides, AMPs) J&— £&
G ELA 0TS PR R 1) SR, S ML R 8K A i 1) i 22
RIS . RS RI AR A (chromogranin, CGA) &
B b R A B N O R I — TR S
Tl B N B R SF, K M 7 Bt bCAT ( bovine
CGA344-358) 1 bCHR ( bovine CGA47-66) H.AG YT A &
P, FRATHRTIAT 5T & B bCAT RE il (1 (5 & 2k
AR I AT B A e 1 P %
PLHTE RS IARA DI

TERHT BB L I 25 W sk 5 i FH BUA 2588 02 H
TR 2R L AT A ) TR K i 24 [ A8 1) A 2800 A2 R 7
%o HEl, CAP R CAS SHEY B (WY
BiifEl 2% HsAFP 1) B¢&/E HILAGA B Uh el 0 B (0 & 3k I
PRI R, ASRIF Y LT H AT A R
YW RS 245 1 3 A 8 Tl K5 (I BT I 22 ik bCAT
55 CAS ARV PR 2 P10 HT X 1 60,78 B 71 L A 1
5 P 20 MO TE 25 BT 26 ALS3 i PR 386 1k % 400 i 375 1 4
i R RN, B TE O ME TR T AR ) B R R e A
PR A TR JEL B

1 HRSHE

1.1 #4

FL S BRI AR I bR ATCC10231 11 B AL 5t h R
A I ARAT BR 23 W) () 3 bCAT (1R 7 51«
RSMRLSFRARGYGFRGPGLQL, 4l . 95%, 4y T &
2425. 84) i FH#ERHIKA IR IRA A G (P ED o
3,3 -[1-(CARAEMELE) -3, 4-PU Z Mk |- (4-H1 5 Jk-6-7F
) KA ER M ( Sodium3, 3'-[ 1-( phenylamino ) carbonyl ]-3,
4-tetrazolium-bis ( 4-methoxy-6-nitro ) benzenesulfonic
acid, XTT) | ZHEEMAN I ZRER (27, 7" - 5t i AL
4 g L (2', 7'-Dichlorodihydrofluorescein diacetate ,
DCFH-DA) .RPMI1640 ;3= H 04 H Sigma /3 5] (35
E) , 2689k SYTO9/PI g H Invitrogen /A7) (£ H) ,
YPD( Yeast Extract Peptone Dextrose Medium ) J{4& 5% 73
e W EBUER: 37 3 (Sabouraud’ s Agar, SDA) Il H &
KR E (), B L 22 b ( Phosphate buffer
saline, PBS) W F 1 -8 A= ) TRAMRA R (P ),
TEST ISR - RIA 54 BB AR A m] GEED) o 519
H B TR E) o FLEE RNA S50 &
H OMEGA 3w (3E[H) , Wi 5% 58 M qRT-PCR 257 & 1)
H Qe R R AR (R ED .
1.2 @A Aeddffctt

AT -80 C Y A &R TR bR UE TR AR ATCC10231
R T SDA Al ,37.0 CH535 24~48 h, WIR W H
TIPS F O R RN T84 2 mL YPD
B dkn i b, MO8 TREIR 37.0 °C (100 v/min K5
24 h DIJRAE BRG0S0 J) . 2.0 (1 000 r/min,
10 min) J5 PBS 550441k YPD Kige bk, ®E 2 e n
A RPMIL640 5575k , o 1 1L 200 M 3 Bt 3 B0 5 i
WA E Ry 10° A/ mL J5HCE T 4 CHH
1.3 XTT 30 bCAT #= CAS u & & A%k A m A A W

g

96 FLARHEEFLINA 100 L TR, P fif fIE 7 i B i
AR IS A 37 CHEH R A< 24 h JE A= Y ise,
{865 S A T LR 3 01 B 22 AR S AR TR 22, PBS 584>
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VRV G R P56 B MK bCAT [ CAS, fifi bCAT
AR EE Ny 3 1051 553,776 388,194 peg/ml.,CAS
Tk B Ry 128 .64 32168 wg/mL, LIAIA bCAT
Je CAS 1) RPMI1640 #5557 3 AE A 25 11 % B4 ( control
4) . YIER 24 h J5 PBS SR VeV B B
EREA , BEFLIIA 100 wL XTT (0. 5 pg/mL) K H 25 IR
HY (1 wmol/L) J5 kG ik & T 1E IR A6 37 CHEH
2 h J5 {1 2 D REREAR G 2 490 nm Ab (14516 %5 B2 {H
[D(490) |, 1A 525020 A5G P (metabolic activity )=
[ 52540 D(490) /ccontrol 2 D(490) ] x100% , 244t i}
TEH/NT 509 B A B B2 AE P9k A 230, L R 25
Yk g1 MBIC,, . RRHRIXE 3 MERFLER 3 K.
1.4 ##&EnE bCAT B4 CAS st &A%k A A Y
W91k R

A= Rk % 77 7 ik BAR TS PEAS DU R] 1. 3, M4
T BRI ISR 3R 4N :bCAT J CAS MAIKF MBIC,, T
— VR EE T4 H RPMI1640 £% LU AR B, 45 B 50 pL 43
AIMAC R F2 LE W AR (Jr (6] 1. 3) 947 541
1,37 COFAR A 24 b J5 D0 A= e 5 A A O
(N 1.3) o LABRITR 6 £k (FICT) Sk A& 2591y
MEAE R 7, AR N FICT = (BCA 2500 A 24
MIC/ B 1 A 258 MIC) + (IE4 1 il B 251 MIC/
MR FH B 2 MIC) . FICI #5400 <0.5.>0.5~1,
>1~2.>2 B R W e AR e 6 FEPiPE M .
W E 3 LA ER 3 K.
1S b ERBEMR AWML ELE L

{5 SYTO9/PI 5 YLl it Bk I 4 g 2847 € b
il Hrp SYTOO R LA 19 B v % 1) L 7 400 B A
CA SRS, T PL RS A6 T 0 LR 40, bric i
LIS AL B S A W g A T B K vk
23, A 200 wL SYTO9/PI Yuk}, 2B EMFE 30 min,
TR 2558 B ekl WOt L 58 £ I S WL o G
AR, 30 Image J B4 HEAT9E 6 B0 M
1.6 DCFH-DA ] 2m i, 1 % 1 4. (ROS) 48"

AR 1.3 J5 b PR A AE YR B 5 LR 2R )
PRSI o 40 A 31RO A R T R B R 10° 4/ mL,
JIA 100 wL DCFH-DA ¥ (34T DMSO S &k i
10 pg/mL) , fifi J§ Z Dy REEE R 37 °CF DCFH-DA
YEF 0 min(FO) J% 30 min(F30) 52 (L K
488 nm, KHHHA 520 nm) , HAEAIHE ROS AT
i ROS AN} & (%) = [ (F30-F0)/F0]x100%
1.7 RT-PCR #4246 B -F ALS3 mRNA #) & i&

i FHEC P RNA $2IGH G FE R RNA, R
FE Y ( NanoDrop2000/2000¢ ) #5: &1. RNA £ 5 FIvk &

JH 2X SYBR Green Master MIX &7 &% 5. RNA Jz %%
%N cDNA A F PCR §"#4, ffi /| EvanGreen qPCR
Master Mix #£47 PCR F&. PCR X W & & Jy: PCR
Mix 10 LLL,%J:—F@?%M@% 0.25 wL,cDNA 1 plL,
FRATKAN B LARTUR 20 pl, SO 250k :95 C Hils
£ 10 min, 40 MEFALHE 95 CAEE 15 5,38 & 60 C
60 s, i Bio-Rad CFX96 #¢J65E & PCR {34746 1
SHT,mRNA [k Bt 208 miestteonel Se g b g - 5
Y R %) F. ALS3-1E X ##: 5'-TAATGATGGTG-
GCAAGAA-3', ALS3-Jx X %%: 5'-TAGCGAATCCCATTG-
TAC-3', ACT1-1E X #%: 5'-GCTGGTAGAGACTTGAC-
CAACCA-3',ACT1-)z X 45%: 5-GACAATTTCTCTTTCAG-
CACTAGTAGTGA-3',
1.8 it F 54

% SPSS 22. 0 44434t .GraphPad prism5 {E&],
THEGORILL xxs 7R, Z A1) LLBCR B 2R 07 2247
B, FPTM LAl ] Dunnett T3 45 55, #6560 K o =
0.05,

2 HR

2.1 DbCAT F4- CAS AR 7 E 15 A

XTT A I 25 SR & 7, bCAT Jz CAS i i 24 4% i
MBIC,, 4354 3 105 pg/mL . CAS 128 pg/mL, bCAT
WEEDN 3 105 pg/mL i, AR ARG Pk (44. 25+
5.26) % , AN [F) bCAT W JFE L 22 S HA G it 7 E X
(F=55.71,P<0.05) , P HLass R B4 45 3 105 pg/mL
HARLL, 22 HA ST L (P<0.05, & 1A) , A
W BE CAS A G A= W ok Bt % v el A2 an 1] 1B s, 24
CAS My 128 pg/mL B, Bl BEAR G M 2h (41, 99+
11.88) %, HIA L 22 e BA G 7 i L (F=44.43,
P<0.05) , i EL I A R4S 415 3 105 we/mL ZHAH HE,
ZR AR L (P<0.05) . R HAR B
I bCAT BE 45 CAS it 2B BEAE T, 24 bCAT ¥k B2
776 wg/mL K CAS W JE 4 pg/mlL I, 2t IRAR 5
TEPE R (46.66+1.62) % ([ 1C) , FICI {§ 7 (0. 281 25,
<0.5) , W H A EA PR /E

5] 5 S B LR 1 R T I B - T 22 A T e A,
Wa R BN, fEIZ/EH 24 h J5 , control 21 14 2218 25
JERE R (B 1D)  FLEF N WK & W 22 AH H . bCAT
(776 wg/mL) Fll CAS(4 wg/mL) F A FHAREA &4
Tl A BR T B - 2 S 4, (B control ZHAH L, B
228 R (B 1D) o 3G AE R, T 22 A0 41 i B Sk
b (B 1D)
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Control 194 388 776 1553 3105
bCAT/pg*mL™" A

.
n
16
8
4
[
0 194 388

776 1553 3105
bCAT/pg*mL™" C

CAS/pg-mL™

AR PE(%)

Control 8 16 32 64 128

CAS/pg-mL™!

control 41 bCAT Z1(776 wg/mL)

A: bCAT R A A ML a: P<0.05,5 bCAT JREH 3 105 pg/mL Yoi;B: CAS R AL MHIE  a: P<0.05,5 CAS
WA 128 wg/mL Wi ;C BERHBELR bCAT 5 CAS A AR G EAKRB RAAYWE #BFLLERERR
& AR 100% AR &, K E R K 30% R E M D Bl E LRENE G EAZRE T A (x400)

1 bCAT t#[E] CAS L S AE M AR

2.2 PCR #m £ B mRNA £ ik 3 2 % X AR4L
ol ROS 4% 6 4L

RT-PCR 25 7R, 5] bCAT 55 CAS i} ALS3 3
R 23650 50 (12. 48+5.30) % . (3. 74=1.10) % , i %
BREAEHIG ALS3 Fik il (1.7120. 65) % , Z R
T3 25508 oA A ) 25 S B et 29 L (F=29. 733,
P<0.05) , i L 8% 1 T3 #6556, & FH control \bCAT
CAS 21 5 bCAT+CAS Zl b3, 25 HA G2 E X
(P<0.05,[& 2A) ., *%fT ROS & & A, % M4 24
W ROS & & 4334, control 2H : (58. 69+25.46) %,
bCAT 4. (95. 89 = 17. 18)%, CAS 4l: ( 114. 06 =
47.64) % ,bCAT+CAS 41 ; (428. 96+47. 67) % , bCAT

A CAS Bl fm Y ROS &t W 22 m HA G
HE X (F=192.503,P<0.05),5 bCAT+CAS 4 %%,
control \bCAT ,CAS 2 Z R H A G it 2 X (P<0.05,
&l 2B)
2.3 HOLER A TR A DI E A TA
HOLHE R A BABEWLEE SYTO9/PT 4L 5 11 4,7
BRI TG AR AL, S E RN T, L AURIE R . 25
7R control 41 bCAT ,CAS 4 LLgk 0 5¢ 56 0 &, Hp
bCAT 4l J% CAS Z WL/ 820655, FMIE WK £
(P 3A~C) , ffif bCAT+CAS Z1rh A B 20 (55,
AR RYIFEE B N (18] 3D) , 2% 4 B AR5
JEIREAE I 1,
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control 4] bCAT 4] CAS 4] bCAT+CAS 4

ALS3 mRNA FHXf FikH

500
400
300 4
200 1
a
a

100 1 a . -

LI B

control 21 bCAT 41 CAS 41 bCAT+CAS 41

MM ROS &t

control 20 % %% & 3T FR 20, bCAT &b 3L AR IR 49 3K B A 776 wg/ml, CAS & 4 pg/ml;a; P<0.05,%5 bCAT+CAS 21
Ve AL AR ALS3 A AR R A F 5B Al ROS 409 1k

2 EYMEEFWET ALSI ERRIZERKEN MM ROS SEHETN

..

A KRG E AR A WA bCAT CAS 47 24 h 5 SYTOY/Pl #: &, {3 AL 2R ANE G EAKE M
R ERT, A FHERALEATER, LEX LA TLEA  A:control £41;B:bCAT(776 pg/mL) 48; C:CAS

(4 pg/mL) ;D:bCAT(776 pg/mL) +CAS(4 pg/mL) 21

B3 MAHARENREVMFEIRERATL

%1 Image ) TEABRKREEMWERLLBETL

25 wH X35, SRR

Lok 1048576 21 465. 63

control ZH .
AR S 1048576 36. 10
a5k 1048576 14 798.24

bCAT 41 -
ARC S 1048576 3915.11
g8 5 1048576 15 054. 17

CAS 41

AR 1048576 1183.08
(a5t 1048576 3 264. 00

bCAT+CAS ] o
AR SN 1048576 11 530. 37

3 it

A=W R AT JRE 1 R R A 2 B 25 B
F OSBRI A Y BRI RE ) 5 S8 AL TR
GIARSCT NG PR 7 T 24 490 T 9 e o
PEVBIRILA TSN, DItk R B IR BUAFI CAS &
SRS BRI T BB , {EH: MBIC,, W TH iR, K
KIGIAREIER Y o B, S0 LA E MR R T (1
I ASEZS SR

NN EGEY/) S N SEPRE R GRS EATR /RO 5/ =N

(x100)

PTG R, sl W S A 4 i) 50 o AR R AREAS
I7 I B AN [ 5 BT L R 25 B 45 I, T 722 24
I LBV T, AR 1 fe P v 700 2 25 Wy 1 R
CAS JE IR A A R ISP &, BE o 310 ) B 0 40 it B 1
B-(1,3)-D-R A A ™, T A 8 2 A I ) 490 B
bCAT(bCGA344-364) 2 CGA fit 4= i HAG o 15 1Y
LK Fr Be ,bCGA344-358 JEHE by, M IHES T 2 ik
(+5) S IERR , REZE BN, Bk, R 1%
Powi /e P AR WR ST T A% A R RS R B
bCAT K CAS B FH T LAY 2 1 Bl B A9 MBIC,
S¥1h 3105 128 g/ mL, % HEHEIF IR 25 & 2R T Y
e RE A BN . I LR BRI A ] bCAT S
CAS G AE H T U BE L () MBIC, 2h 776 pg/mL+
4 pe/mL, BlGFEMET bCAT J& CAS fyJH &, I H
A1 B (FICI<0.5)
BRI A5 — 2 B R 22 AR S
AR SR B T B ER T, B R 100 v B TE i
R AR T, ALS3 BRI R B A R
B 2, 70 A LE i I s #6535 . MANOHAR-N
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a0 BRI SE , AR ALS3 JE A 1 2 1 RE 3 41 7 22
T B8, DT A1 o) 43 B2 () T i, FRATT 9 AF 5% &2 B bCAT
Ko CAS FEA R AAR ALS3 HL[H il 2235, 64 (i o i
2 T (0 S BRI T 15 B 22 B 678, AR,
PWREIVER

WA, 38 A fih % ROS 77 £ 56 96 36 e b 4
{1 2R 3 P, 2 P 0 R R 3 o I 2 i 25 14 T
FHLH = — . ROS 2 40 M AR 0 8 7= 9, 24
ROS 7Kt H B B AR, it 2 9 ROS i 4
MR A3, QN A 11 5t . DNA S5 36 B4 fL 4 47, e 4=
HAmmAtT" . A BFACIESSS N ROS AT &
SEREEW B RY  ARBESELS FHIESE bCAT
4 CAS RESE N A E Mol I ROS Fr o [RII, d
WOEIER A L B bCAT 15 CAS BEA 1 T At i
Ja EY B TR AR (Lt ud ) BRI i, RS
CAS [HIEA 8 FHHIN T bCAT 255 40 BE 7 , 2| e 4
RN FRBE AR £k, 3 ROS 5 8, 3 A0 A5 5 T 2

PRI L T A T PR A Ak B, —
EERUG , S XHRRERAS A 259 ML MIC B8 R e ik
B RPTE R . A5 &I bCGA i A4 £ Ik
bCAT 64 CAS HAT blb ) 10 8 3 A W 0k 58 1 1 T, 4
il S IR O A B 22 , T REMLA 5 R A% ALS3 ik
184 T 200 PR 3 M B AN A ROS i 06, AR
A — 5 P R T, A 52 A I R 5 T X A 1 AR bk
TE R 67 B B SRR . ASHF TS A AE— R R
P, QAR HE B RREATIFSY , AN I PR B R HE AT AH 5
WFt
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